Renal failure is one of the leading health issue in the world that effects people worldwide. Number of chronic renal failure patients are increasing day by day due to different factors. Hemodialysis is the most easily approachable treatment for renal failure patient. Efficiency of this treatment mainly depend upon semipermeable membrane used in hemodialyzer. Currently Synthetic polysulfone membrane is considered as a dialyzing membrane on commercial scale, which have irregular geometry such as pore size and pore shape responsible for the low toxin removal efficiency. A novel anodic aluminum oxide membrane (AAO) with highly ordered structure, perfect chemical stability and high thermal resistance is an attractive approach as dialyzing membrane. In this research commercially available polysulfone membrane and lab prepared highly ordered anodic aluminum oxide membrane were used to fabricated a mini dialyzer in lab to study different factors that effects the blood flow during the process of dialysis. Blood of 10 renal failure patients were used to conduct the process of dialysis in both mini dialyzers at lab scale. Toxin removal efficiency of both dialyzers were checked and compared with each other. Result showed that overall toxin removal efficiency of AAO base mini dialyzer was better than polysulfone membrane base mini dialyzer. However toxin removal efficiency for polysulfone base dialyzer remain same, while in AAO base dialyzer efficiency dropped with time. Results of this comparative study will be helpful to obtain a dialyzer that can provide maximum toxin removal efficiency to improve the process of dialysis to treat renal failure patients.
Introduction
Renal failure is one of the comprehensive health burden and ranked 27 th on the base of mortality rate [1] . Kidneys are naturally made filters that filters out excessive water and toxins from the blood. They also have a vital responsibility of excretion, maintenance of metabolic processes and endocrine function related to different other organs [2] . Drop in kidney function up to 85-90% and Glomerular filtration rate (GFR) falls below 15 is called renal failure [1, 3] . Renal failure may be acute (not enduring) or chronic (enduring). Hypertension, diabetes and ageing are the major cause of chronic renal failure, which gradually damages the kidney [3, 4] . Nearly two million people globally receive renal failure treatment including renal transplant and dialysis [1, 5] . Renal transplant is the best treatment for end stage renal failure, but due to lack of donor availability, tissue and blood group matching this treatment is considered to be a far approach for many patients. So dialysis is an easy reachable approach for renal failure patients. It is an extracorporeal process of blood filtration to maintain kidney function through an artificial kidney called dialyzer [6] . Dialysis are of two types Peritoneal and Hemodialysis. In peritoneal dialysis, peritoneum a membrane in the abdomen of the patient is used to exchange substance between blood and dialysate (fluid containing essential electrolytes). Hemodialysis is considered to be a superior treatment as compare to peritoneal dialysis, because of high infection risk in patient abdomen after each peritoneal dialysis procedure [7] . Hemodialysis (HD) is used as renal replacement treatment in chronic and acute renal failure patient over the past five decades and first successful dialysis was reported in 1943 by Willem Kolff. [8, 9]. Major part of hemodialysis setup is semipermeable dialyzing membrane, where blood flows inside the membrane and dialysate flows around the porous membrane with negative pressure, which not only diffuse toxins from blood to dialysate, but also transfer essential electrolytes from dialysate to blood through the process of diffusion and ultrafiltration [10] . Semipermeable membrane majorly classified in to cellulose membrane (cuprophane, cupramnonium rayon), modified cellulose membrane (Cellulose acetate, Hemophane) and synthetic membranes (Polysulfone, Polyethersulfone) [11, 12] . Efficiency of dialysis procedure depend on the ability of membrane to eliminate toxin from the patient blood. While toxin removal capability of membrane depend on the membrane characteristics, such as orderliness and symmetry of pores, pore size, surface area, porosity, water permeability and biocompatibility [10] . Cellulose base membranes are considered to the firstly used semipermeable membrane for the process of hemodialysis [7, 13] . Due to limited range of particle removal, non-biocompatible nature and low liquid permeability, these membrane are replace by synthetic polymers membranes.
Synthetic semipermeable membrane have permeability 10 time to that of cellulose base membrane and also have wide range of particle removal [13] . Polysulfone membrane is one of the extensively used synthetic polymeric membrane used for the process of hemodialysis. It has non-uniformity in pore size and shape that cause albumin loss during HD treatment and cause blood and dialysate to flows in both compartment, which decreases the performance of HD treatment [6, 14] . So both cellulose base and polymer synthetic membranes have a drawback of low toxin removal efficiency because of their irregular pore geometry and non-uniform pores distribution, which make them a nonideal material for the treatment of end stage renal disease. Beside these membranes another type of semipermeable membrane that is Anodic Aluminum oxide (AAO) membrane having uniform nanoporous structure was also used for hemodialysis. AAO membrane is a vigorously porous, electrically insulating and bio inert ceramic material, well-known for more than five decades [15] . Nano In present research an improved AAO nanoporous membrane having uniform porous structure was introduced for dialysis. Lab prepared AAO membrane and commercially available polysulfone were used to fabricate mini-dialyzers. Blood of ten renal failure patients were used to conduct the process of dialysis in mini-dialyzers at lab scale. The efficiency of AAO and polysulfone membranes were also compared.
Materials and methods
In this research two type of mini-dialyzers were fabricated. First by using commercially available polysulfone membrane and second by using fabricated AAO membrane.
Fabrication of Polysulfone Membrane Base Hemodialyzer
For the fabrication of polysulfone membrane base hemodialyzer, a glass base of 4mm thickness was used. Glass base is 13.5cm long and 2cm wide as shown in Figure 1 .
Figure 1. Dimensions of glass slab used to fabricate polysulfone membrane base hemodialyzer
For making inlet and out let in dialyzer, 4 holes were made in glass base using a driller as shown in (Figure 2b ). After cleaning and proper drying, 1cm long silicone tubes were inserted in all 4 holes as shown in Figure 2c . PDMS solution was applied to fix the silicone tubes in the holes. PDMS solution was obtained by combining curing agent and PDMS in a ratio of 1:10. After applying PDMS, glass was annealed for 20 min at a temperature of 80 o C. Now a sticker of 6.5cm was placed to seal hole and to make a channel on glass slab. After applying sticker, a thin layer of liquid silicone sealant of about 1mm thickness was applied to cover the glass slab (Figure 2d , e). The sticker was removed and 9 polysulfone fiber was placed in the channel (Figure 2f, g ). The glass slab was immediately covered with another glass slab of same dimension. The dialyzer was properly sealed by pressing and dried it for 42 hours ( Figure 2h ). The fabricated minidialyzer was used for experimental analysis. After etching, second step of anodization was performed under the same conditions for 3 hours to obtained AAO membrane on Al surface. For obtaining, free standing membrane chemical etching was not suitable because of it enhance the pore size during barrier layer etching. So Pulse detachment technique was used to overcome this problem. In this technique a voltage of 50V was applied in electro-polishing solution for 3-4 seconds to obtained free standing membrane of uniform nanoporous structure. After the fabrication of AAO membrane, this membrane was used in hemodialyzer set up. Figure 3 shows the fabrication steps of AAO membrane base mini-dialyser. For that a well prepared rectangular metallic holder was used. This set up is consist two glass pieces of dimension 4×1.5cm, fixed between two metallic jackets. For the fabrication of AAO base mini-dialyzer, first step was to make inlets and outlets. For this purpose 4 holes were carefully made in glass substrate of metallic holder with the help of driller. After that 1cm long silicone tubes were inserterd in all holes and PDMS was applied. To fixed the tubes in glass substrate, it was annealed at 80 o C for 20 min. Stickers of 3×1cm dimension was placed at the center of glass pieces . After that a fine layer of silicone sealant of about 1mm was applied on both glass pieces of methallic holder. Then sticker was carefully removed and silicone was dried for 42 hours. Channels on both of the glass pieces was observed. After proper drying free standing nanoporous AAO membrane with same dimension was cautiously transfered to one of the glass piece. Now this glass piece with free standing membrane was covered with other glass piece having channel. To avoid the leakage problem both glass pieces were pressed carefully . These glass pieces that sandwicth the free standing membrane were placed between mettalic jacket and was sealed properly with the help of screws. This AAO membrane base mini dialyzer was then used to perform the process of hemodialysis. 
Results and discussion
Cellulose base membranes are considered to be firstly used semipermeable membrane for the process of hemodialysis [6, 13]. Because of its limited range of particle removal, nonbiocompatible nature and low liquid permeability, these membrane are replaced by synthetic polymer membranes. Synthetic semipermeable membranes have permeability 10 time to that of cellulose based membrane and also have wide range of particle removal [13] . Polysulfone membrane is one of the widely available synthetic polymeric membrane, because of its mechanical strength and controllable porous structure up to 0.04 microns [19] . In the present research, polysulfone membrane was considered as referenced membrane to check and compare the performance of AAO membrane for hemodialysis. Two sets of hemodialyzers were fabricated as explained in materials and methods. The hemodialysis was performed on both sets of dialyzers and their results were compared. The digital camera image of fabricated polysulfone membrane base mini-dialyzer is shown in (Figure 4) . During the fabrication 6 polysulfone fibers with 200µm inner diameter and 45µm wall thickness were used. In the given image the outer tubes are inlet and outlet for blood and inner tubes are inlet and outlet for dialysate. Main reason to perform the dialysis using polysulfone membrane at lab scale was to study the even flow of blood throughout the fiber, which can't be observed in commercially available large size dialyzers. Figure 5 displays the unique spongy outer layer and highly dense nanopores inner layer. Inner dense structure shown in (Figure  5e & f) is mainly responsible for blood filtration in hemodialysis process. To observe the structure of single polysulfone fiber, the fiber was fixed in liquid silicone sealant. After proper drying, fiber within the silicone was cut with sharp cutter to obtain its crosssectional view. Due to unique highly dense porous structure these membranes are used for different applications like gas separation, fluid filtration, food processing and hemodialysis process [18] . Because of very high flow rate at very minimal pressure difference and highly porous structure, this polysulfone membrane act as a promising commercially available membrane for hemodialysis. Second step of the current research was the fabrication of highly ordered lab prepared AAO membrane base mini-dialyzer as shown in (Figure 6 ), for the comparative study with polysulfone membrane base mini-dialyzer. As explain in experimental section to perform the process of hemodialysis using both of the mini-dialyzers, blood of renal failure patients were used. Total 10 blood sample of 7 male and 3 female patients with different blood urea and creatinine level were collected. Basic data of the patient such as patient age, sex and blood group was obtained and recorded. Process of dialysis was performed on each blood sample using both of the mini-dialyzers. In mini-dialyzers out of four, one set of inlet and outlet was used for blood flow, while other set of inlet and outlet was used for the flow of dialysate. Dialysate was used to maintain electrolyte that is lost during the dialysis procedure. Dialysate is a combination of water mixed with acidic part and basic part. For making dialysate Deionized water was used, which was almost 90% pure of deionized ions. Basic composition of concentrated acidic part of dialysate (g/l) is NaCl= 210.69, KCl = 5.22, CH3COOH = 6.31, CaCl2 = 6.43, MgCl2 = 3.56, C6H14O7 = 38.5 and composition of base part of dialysate (mmol/l) is sodium = 1002, bicarbonate = 1002. To prepare 2.60 liter of dialysate 2 liter of acidic part was mixed with 60 ml of base part. pH of the dialysate which effect the hemodialysis efficiency in the patient body was between 6.5 to 7.5. High temperature can cause hemolysis and low temperature can cause shivering in the patient body [20] , so for the process of hemodialysis the temperature was maintained between 350 °C to 360 °C. Digital camera image of dialyzing setup can be seen in (Figure 8 ), which is consist of two peristaltic pump, dialysate source beaker and dialysate drain beaker. Flow of blood and dialysate in mini-dialyzers was controlled by using two way peristaltic pump which applies negative pressure. For the purification of blood, toxin material was diffused from blood to dialysate and essential components were transferred from dialysate to blood across the dialyzing membrane during the process of hemodialysis.
Figure 8. Digital camera image of hemodialyzing setup
Dialysis process was performed on each blood sample for 3 hours using both minidialyzers. In single pass, dialysate flows at a rate of 5.5 ml/ min. To conduct the hemodialysis steady and safely without being any irruption due to clotting effect, infusion of anticoagulant into patient is mandatory [19] . So Heparin was used as anticoagulant and added in the blood before passing the blood through the dialyzer. An average blood flow rate of 2-2.5 ml/min was maintained during the procedure. Two main features of hemodialysis procedure is the removal of urea and creatinine, which are accumulated in the body, when kidneys are not working properly. Blood samples used for the dialysis process have high urea and creatinine level. After the dialysis procedure on each blood sample, toxins such as urea and creatinine were reduced. (Table 1) shows the pre and post urea level and urea reduction ratio for each sample and (Table 2 ) shows pre and post creatinine level and creatinine removal ratio for each sample. From these results, it is clear that urea reduction ratio and creatinine removal ratio of AAO membrane is greater than polysulfone membrane base dialyzer. Previous research also showed that ultrafiltration rate per unit area of the membrane that is termed as ultrafiltration flux is roughly proportional to fourth power of mean pore radius of the membrane. Thus by making small variation in the pore size water permeability increase largely [21] . So AAO membrane with uniformly ordered pores have better efficiency as compare to unordered porous polysulfone membrane. 
